Introduction {#sec1-0300060519878377}
============

Dental caries is one of the most common multifactorial chronic diseases affecting people of all ages worldwide and is caused by biological, social and psychological factors.^[@bibr1-0300060519878377]^ In addition to surgical and restorative treatment of carious lesions, determining the caries risk of individuals as a preventive approach has become extremely important in the management of dental caries.^[@bibr2-0300060519878377]^ Although many preventive and protective measures exist, dental caries remains a significant threat to the oral health-related quality life (OHRQoL) of individuals. Because young children do not have the skills and capabilities needed to administer their own health behaviors, parents are responsible for properly providing, modifying, and guiding their children's oral health care.^[@bibr3-0300060519878377]^ Parents' psychological status, behavior, and attitudes have many different effects on their children's general and oral health status. Children\'s oral and dental health is influenced by parental oral and dental health habits; thus, children acquire knowledge, attitudes, and habits related to oral health from their family. In the adoption of good oral health habits during childhood, the mother's attitude and behaviors are particularly important.^[@bibr4-0300060519878377]^ OHRQoL in children can be affected by many factors related to the mother. The mother\'s psychological state, in particular, can affect a child's entire life, including their general and oral health.^[@bibr5-0300060519878377]^ It has been shown that psychological problems, such as anxiety in the mother, may lead to insufficient support of the child's oral health care because such problems affect the general behavior of adults, impairing their functional level and changing their perception of oral health.^[@bibr5-0300060519878377][@bibr6-0300060519878377]--[@bibr7-0300060519878377]^

Anxiety is apprehension and fear that is felt about a non-objective danger. Spielberger et al.^[@bibr8-0300060519878377]^ described two types of anxiety, state and trait anxiety. The type of anxiety that occurs when a dangerous but impermanent situation arises changes, according to the changing environment and situation, reflects a temporary mood called state anxiety. In some cases, however, people are continuously concerned about dangers in their environment. This type of anxiety is called trait anxiety. Trait anxiety is a permanent personality trait and a relatively stable characteristic in an individual, which can affect them psychologically and can strongly influence their academic and social life.^[@bibr8-0300060519878377][@bibr9-0300060519878377]--[@bibr10-0300060519878377]^

There is published evidence that mothers who have neglected their oral health or treatment requirements do not give much importance to their child's oral health; thus, OHRQoL in these children is negatively affected.^[@bibr11-0300060519878377],[@bibr12-0300060519878377]^ Beljan et al.^[@bibr13-0300060519878377]^ found that children whose parents regularly encourage oral hygiene have better oral hygiene habits than children whose parents do not regularly encourage oral hygiene. Considering the relationship between the psychological state of parents and early childhood caries, it is important to emphasize that, in recent years, the focus of research has shifted to psychological and social factors associated with dental caries in children.^[@bibr14-0300060519878377][@bibr15-0300060519878377]--[@bibr16-0300060519878377]^ For example, parental education level is an important factor that affects the development of dental caries. A study conducted in Italy found that the child\'s development of dental caries increased as the level of maternal education decreased.^[@bibr17-0300060519878377]^ Investigators have also reported that the marital status of parents may affect development of dental caries in children.^[@bibr18-0300060519878377]^ According to this evidence, the aim of the present study was to evaluate the association of maternal anxiety and social status with caries formation in children.

Materials and methods {#sec2-0300060519878377}
=====================

Recruitment of participants {#sec3-0300060519878377}
---------------------------

Study participants consisted of pairs of children and their mothers who attended the pediatric dental clinic of Yeditepe University. The children were chosen from among those with no mental and/or physical diseases, no need for emergency treatment, and no previous dental treatment at any clinic. Of the total parents approached, 19 refused to participate. Quota sampling was used to satisfy at least 40% of either sex for the children, at least 10% for mother's education of a middle school diploma or less, and at least 10% for mother's education of a university diploma or more.

Data collection {#sec4-0300060519878377}
---------------

Parents were informed about the study and written/signed informed consent was obtained from all participants. The study protocol was approved by the Sabancı University, Research Ethics Council (FASS-2019-07).

Information regarding age, sex, birth order of the children, and mothers' education and marital status were collected using a questionnaire. In addition, the Turkish version^[@bibr10-0300060519878377]^ of the Spielberger Trait Anxiety Inventory^[@bibr8-0300060519878377]^ was used to determine trait anxiety levels of mothers participating in the current study (Appendix 1). The form comprises 20 items rated on a four-point Likert-type scale, with total scores ranging from 20 to 80. Direct scores in the inventory express negative feelings, and reverse scores indicate positive feelings. After obtaining the total for direct- and reverse-scored items, the total score for reverse items was subtracted from the total score for direct items. A predetermined constant value was added to this number; the invariant value for the trait anxiety inventory was 35. The numerical value obtained by adding the invariant value is the individual\'s anxiety score.^[@bibr10-0300060519878377]^ Scores were evaluated as follows: 20 to 39 points indicates low trait anxiety, 40 to 59 points indicates medium trait anxiety, and 60 to 80 points indicates high trait anxiety.

Children underwent intraoral examination while seated in a dental chair. The teeth were air dried and examined using a dental mirror. The dmft values for primary teeth and DMFT values for permanent teeth (d,D: decayed, m,M: missing, f,F: filled, t,T: total) were evaluated according to standards determined by the World Health Organization.^[@bibr19-0300060519878377]^ The overall values of DMFT and dmft were evaluated separately and calculated, following the related literature.^[@bibr20-0300060519878377],[@bibr21-0300060519878377]^ Any teeth missing owing to dental trauma, hypomineralization, or agenesis were not included in the DMFT/dmft scoring. All dental examinations and surveys were administered by a single clinician with a PhD in pediatric dentistry.

Statistical analysis {#sec5-0300060519878377}
--------------------

We used Poisson and negative binomial regression models to test whether the mother\'s Spielberger Trait Anxiety Inventory score was significantly associated with the number of dental caries in the children.^[@bibr22-0300060519878377]^ Models 1 and 3 used the trait anxiety score as the sole explanatory variable to explain the number of caries, with Poisson and negative binomial regression models, respectively. In other words, models 1 and 3 yielded bivariate regression results. In models 2 and 4, age, sex, child's birth order, mother\'s education level, and mother's marital status were added to the respective models as control variables. In all four models, positive coefficients were associated with a higher number of expected caries counts. Results of the analyses were generated using the *poisson* and *nbreg* commands in Stata 15 (StataCorp., College Station, TX, USA).

In cases where the dependent variables are overdispersed, Poisson regression may give biased results, and in such cases, negative binomial regression is preferred.^[@bibr23-0300060519878377]^ As Models 1 and 2 indicated overdispersion (demonstrated by likelihood ratio tests of ln(α) significant at p \< 0.001), negative binomial regression analysis was used in Models 3 and 4.

Results {#sec6-0300060519878377}
=======

Among the 258 children included in the study, 44% (109) had one or more caries, with an average of 3.1 total caries (standard deviation (SD) = 4.3) per child. In terms of sex, 42% of the children were girls, and 51% were the first child born in the family. Children's ages ranged from 6 to 15 years; the average age was 9.3 (SD = 2.6) years. A total of 96% of mothers reported that they were married, and 83% reported that their educational level was high school or above. Descriptive statistics for the variables are presented in [Table 1](#table1-0300060519878377){ref-type="table"}.

###### 

Descriptive statistics for the study population.

![](10.1177_0300060519878377-table1)

  Descriptive statistics          N (%)       min   max   range
  ------------------------------- ----------- ----- ----- -------
  Patient age (y)                             6     15    12
  Patient sex                                             
   1 = Female                     108 (42%)         1     
   0 = Male                       150 (58%)               
  Mother\'s education level                               
   1 = Middle school  or less     42 (17%)    1     3     2
   2 = High school                156 (60%)               
   3 = University                 60 (23%)                
  Mother\'s marital status                                
   0 = Married                    247 (96%)               
   1 = Single/divorced            11 (4%)                 1
  Child's birth order                                     
   1 = First child                131(51%)    1     4     3
   2 = Second child               102 (40%)               
   3 = Third child                17 (6%)                 
   4 = Fourth child or  younger   8 (3%)                  
  N = 258                                                 

Using Model 1, we did not find a significant relationship between the mother\'s trait anxiety score and the number of dental caries in the child. When looking at the control variables added in Model 2, child's age, female child, child with older siblings, mother\'s education level, and married status of the mother were inversely related to the number of dental caries. Model 1 and 2 regressions both showed overdispersion (χ^2^ = 1590, p ≤ 0.000; χ^2^ = 1338, p ≤ 0.000). In Models 3 and 4 with negative binomial regression estimators, no significant relationship was found between mother\'s trait anxiety score and the number of dental caries in their children. In these models, the age of the child remained statistically significant; the significance level of the children's sex (p = 0.090) and mother\'s education level (p = 0.076) decreased; and the child\'s birth order lost statistical significance ([Table 2](#table2-0300060519878377){ref-type="table"}). These decreases in significance levels were expected as Poisson regressions run on overdispersed data and often underestimate standard errors. Nonetheless, our findings consistently showed that female sex and older age of children, and higher education level of the mother, significantly decreased the expected caries count.

###### 

Relationship between values of decayed, missing, filled, and total permanent/primary teeth (DMFT/dmft), maternal Trait Anxiety Inventory (TAI) scores, age, sex, education level, maternal marital status, and child's birth order among study participants.

![](10.1177_0300060519878377-table2)

                                                           Model 1              Model 2              Model 3                        Model 4
  -------------------------------------------------------- -------------------- -------------------- ------------------------------ ------------------------------
  Maternal TAI                                             −0.0041              −0.0077              −0.0039                        −0.0232
                                                           (0.0053)             (0.0059)             (0.0183)                       (0.0192)
  Age                                                                           −0.128\*\*\*                                        −0.212\*\*\*
                                                                                (0.015)                                             (0.064)
  Sex                                                                           −0.336\*\*\*                                        −0.443^†^
  (female=1)                                                                    (0.077)                                             (0.261)
  Child's birth order                                                           −0.160\*\*                                          −0.132
                                                                                (0.054)                                             (0.178)
  Educational level                                                             −0.312\*\*\*                                        −0.369^†^
  (1=middle school or less, 2=high school, 3=university)                        (0.059)                                             (0.208)
  Marital status                                                                0.645\*\*\*                                         0.558
   (single/divorced=1)                                                          (0.156)                                             (0.660)
  Constant                                                 1.365\*\*\*          3.641\*\*\*          1.352                          5.254\*\*\*
                                                           (0.254)              (0.364)              (0.885)                        (1.449)
  ln(α)                                                                                              1.324\*\*\*                    1.227\*\*\*
                                                                                                     (0.128)                        (0.137)
  N                                                        265                  249                  265                            249
  Estimator                                                Poisson regression   Poisson regression   Negative binomial regression   Negative binomial regression

^†^p\<0.10, \*p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001. Dependent variable = DMFT/dmft.

Beta coefficients shown; respective standard errors in parentheses.

Discussion {#sec7-0300060519878377}
==========

Limited studies have debated whether anxiety in the mother may lead to insufficient support of oral health care in their child, leading to the formation of dental caries in children. Gavic et al.^[@bibr24-0300060519878377]^ conducted a study to assess the level of depression, anxiety, and stress among parents whose children had early‐childhood caries. The results of that study showed a significant relationship between dental caries and parental anxiety. In southern Brazil, Costa et al.^[@bibr5-0300060519878377]^ also investigated the influence of depressive and anxiety symptoms among young mothers on their children\'s OHRQoL. The results from that study showed that poorer OHRQoL in children was associated with maternal depression and anxiety symptoms. The results of the studies by Gavic et al.^[@bibr24-0300060519878377]^ and Costa et al.^[@bibr5-0300060519878377]^ contradict those obtained in our study, in which no significant relationship was found between the mother\'s anxiety level and children's DMFT/dmft scores. However, the present study results are in accordance with those obtained in research carried out by Gichu et al.,^[@bibr25-0300060519878377]^ who determined the influence of parental anxiety on children's behavior during treatment in relation to caries development in children age 3 to 5 years in Nairobi. The researchers found no association between parental/guardian anxiety and the children's behavior or dental caries formation in the child. The reason for the differing results may be owing to the performance (i.e., functioning) improving with a certain level of anxiety. If anxiety continues to increase, performance begins to decline.^[@bibr26-0300060519878377]^ It can thus be concluded that when anxiety is excessive or inappropriate, performance may decrease. Based on these results, we cannot say that anxiety will only lead to negative outcomes. Certain types of anxiety may cause mothers to provide better oral care for their children. In addition, as caries is a multifactorial disease, many factors such as the presence of cryogenic bacteria, diet, socioeconomic factors, and behavioral characteristics play a role in its development. Caries risk indicators are not directly involved in caries formation. Socioeconomic and epidemiological factors as well as behavioral characteristics are examples of other influencing factors in caries development.^[@bibr27-0300060519878377]^

The other aim of the present study was to evaluate the effect of social status on caries formation in children. The results of our study showed that DMFT/dmft scores among children whose mothers were married were decreased, but this relationship was not found to be statistically significant. On the contrary, Bolin et al.^[@bibr28-0300060519878377]^ revealed a relationship between high caries formation and unmarried status of the mother. Alm et al.^[@bibr29-0300060519878377]^ demonstrated a relationship between high caries prevalence among 15-year-old children and factors such as "being a single mother when the child was 1 year old" and "the mother feeling she has sole responsibility for the child". Plutzer et al.^[@bibr30-0300060519878377]^ stated that single mothers, especially those with professional obligations, may be less effective in managing their children\'s oral health.

Cianetti et al.^[@bibr17-0300060519878377]^ showed that low family income and low education levels in parents may lead to the presence of dental caries in their children. Bolin et al.^[@bibr28-0300060519878377]^ found a relationship between high dental caries prevalence in preschool children and low education levels among their parents. Young mothers and caregivers and low education levels can lead to poor dental health. Kılınç et al.^[@bibr31-0300060519878377]^ showed that the number of dental caries decreased as the level of maternal education increased. Younger and less educated parents may not be aware of the necessity of good oral and dental health.^[@bibr32-0300060519878377]^ Similarly, we found that the number of dental caries in children decreased as the level of education of the mother increased, although this relationship was not statistically significant.

Sex differences in dental caries formation have also been widely observed, with many studies showing that females are at higher risk of developing caries lesions than males.^[@bibr33-0300060519878377],[@bibr34-0300060519878377]^ Some reports in the literature have demonstrated the opposite finding,^35--36^ with the prevalence of caries found to be higher in boys than in girls. In line with reports by Saravanan et al.^[@bibr35-0300060519878377]^ and Zerfowski et al.,^[@bibr36-0300060519878377]^ we found that girls had lower DMFT/dmft scores than boys, but this relationship was not significant. The cause of higher caries prevalence in boys may be owing to early eruption of the primary teeth, and thus, that boys' teeth remain in the oral cavity for a longer period than girls' teeth.^[@bibr35-0300060519878377]^

An important limitation of our study is its limited geographical scope. Whereas quota sampling was used to ensure inclusion of a sufficient number of mothers with lower educational (hence, socioeconomic) backgrounds, emulation may cause these mothers to adopt "best practices" from their better educated peers. However, such emulation would constitute a conservative bias and make it more difficult to find a negative relationship between the mother's education level and caries incidence in the child. Nevertheless, our results consistently showed such a negative effect. Another limitation is that we included ages involving mixed dentition. Primary teeth are more susceptible to caries than permanent teeth and during the mixed dentition phase, the teeth are at relatively high risk of caries.^[@bibr37-0300060519878377]^ In addition, research in developmental psychology has demonstrated that parental behavior has a potent effect on children's oral health during the ages with mixed dentition.^[@bibr38-0300060519878377]^ Therefore, our findings contribute to literature in this respect.

Conclusion {#sec8-0300060519878377}
==========

Although social, economic, and environmental factors contribute significantly to the development of dental caries, we failed to demonstrate a clear relationship between maternal anxiety and social status and dental caries. We can thus conclude that biological factors are decisive in the formation of dental caries in children. Today, it is accepted that the mother's attitudes and behaviors affect her child's quality of life, as well as general and oral health. Therefore, we suggest that it is crucial to educate and provide information about the importance and consequences of childhood caries, to raise awareness among mothers. Furthermore, parents should receive support with respect to social issues, to further improve the physical and psychological health of their family.

Finally, an important extension to this study might be to look at the relationship between state (immediate) anxiety levels in the mother and caries incidence in the child. Such a study would require panel data with repeated measurements made every 3 or 6 months over a 5-year period.
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Appendix 1: Trait Anxiety Inventory (TAI) {#sec9-0300060519878377}
=========================================

        TRAIT ANXIETY INVENTORY (TAI)

Date: \...\...\...\...\...\.... Name: \...\...\...\...\...\...\...\...\...\...\...\...\...\...\.....  Age: \...\...\...\...\...\...\...   

DIRECTIONS: A number of statements that people use to describe themselves are given below. Read each statement and then circle the appropriate response to the right of the statement to indicate how you generally feel. There are no right and wrong answers. Do not spend too much time on any one statement but give the answer that seems to best describes your general feelings.

![](10.1177_0300060519878377-table3)

  S. No.                                                                                        Almost never   Sometimes   Often   Almost always
  -------- ------------------------------------------------------------------------------------ -------------- ----------- ------- ---------------
  1\.      I feel well                                                                          1              2           3       4
  2\.      I feel nervous and restless                                                          1              2           3       4
  3\.      I feel satisfied with myself                                                         1              2           3       4
  4\.      I wish I could be as happy as others seem to be                                      1              2           3       4
  5\.      I feel like a failure                                                                1              2           3       4
  6\.      I feel rested                                                                        1              2           3       4
  7\.      I am "calm, cool, and collected"                                                     1              2           3       4
  8\.      I feel that difficulties are piling up and that I cannot overcome them               1              2           3       4
  9\.      I worry too much over things that really don't matter                                1              2           3       4
  10\.     I am happy                                                                           1              2           3       4
  11\.     I have disturbing thoughts                                                           1              2           3       4
  12\.     I lack self-confidence                                                               1              2           3       4
  13\.     I feel secure                                                                        1              2           3       4
  14\.     I make decisions easily                                                              1              2           3       4
  15\.     I feel inadequate                                                                    1              2           3       4
  16\.     I am content                                                                         1              2           3       4
  17\.     Unimportant thoughts run through my mind and bother me                               1              2           3       4
  18\.     I take disappointments so keenly that I can't put them out of my mind                1              2           3       4
  19\.     I am a steady person                                                                 1              2           3       4
  20\.     I get into a state of tension or turmoil as I think over my concerns and interests   1              2           3       4
